The Circular Electron Positron Collider (CEPC) is a future Higgs factory proposed by the Chinese high energy physics community. It will operate at a center-of-mass energy of 240-250 GeV and produce Higgs bosons via the ZH process dominantly. Based on the recoil mass method, the expected accuracies of ZH cross section σ ZH , the Higgs mass m H and the Higgs width Γ H are studied at the CEPC with a MC sample corresponding to 5 ab −1 integrated luminosity. Without using any information from the Higgs decay, the absolute value of σ ZH could be measured to a relative precision of 0.50%. In a model-dependent analysis, the m H precision is determined to be 5.0 MeV. The Γ H is determined by a series of individual analyses and its uncertainty is determined to be 2.8% at the CEPC.
Introduction
After the discovery of Higgs boson at the LHC [1, 2] , a series of further researches indicate that the Higgs boson is highly Standard Model (SM) like [3] . On the other hand, the percent level deviations are predicted in many new physics. Thus the percent or even sub-percent level precision becomes necessary for the future Higgs measurement. However, this uncertainty is difficult to achieve at the LHC [4] . Moreover, the Higgs boson can only be reconstructed by its decay products at the LHC and thus the Higgs total width or absolute couplings can not be determined in a modelindependent manner.
The CEPC is a Higgs factory proposed by the Chinese high energy physics community [5] . It will operate at a center-of-mass energy of 240-250 GeV with an instantaneous luminosity of 2 ×10 34 cm −2 s −1 at each interaction point. The CEPC will accumulate about one million Higgs events, corresponding to an integrated luminosity of 5 ab −1 .
At the CEPC, the Higgs bosons are dominantly produced via the process of e + e − → ZH (Higgsstrahlung). By tagging the decay produces of associated Z boson, the Higgsstrahlung events can be reconstructed with the recoil mass method:
where ff represents the fermion pair from the Z boson decay, E f and Ef are their energies, M ff is the invariant mass, and s is the square of center-of-mass energy. Thus the statistical precisions of σ ZH and m H can be determined by a fit to the M recoil distribution in a model-independent manner. The m H could be further improved by using the Higgs decay information. The Higgs total width is a sensitive probe to new physics beyond the SM. For a SM Higgs boson of 125 GeV, its width is 4.1 MeV, which is far beyond the current detector resolution. However, the Γ H can be determined indirectly by the Higgs boson production cross sections and the corresponding branching ratios at an e + e − collider. In the first method, the Γ H is determined by
where Γ(H → ZZ * ) is the partial width of the Higgs boson decaying to ZZ * and BR(H → ZZ * ) is its branching ratio. In an alternative way, the Γ H can be determined by the cross section of the WW fusion process e + e − → ννH → ννbb, the branching ratios of H → bb and H → WW * :
where BR(H → bb) and BR(H → WW * ) are the branching ratios of the Higgs boson decaying to bb and WW * respectively. These branching ratios are extracted from Higgsstrahlung process. Due to the small branching ratio of BR(H → ZZ * ) (2.3% for a 125 GeV SM Higgs boson), the Γ H precision in the first method is limited by the statistics of H → ZZ * events. In the second method, the Γ H precision is limited by the discriminating power between e + e − → ννH → ννbb process and e + e − → ZH → ννbb. The final Γ H precision is determined by a combination of these two methods.
Conceptual Detector and Monte Carlo Simulation
The CEPC conceptual detector geometry basically follows the design of International Linear Detector (ILD) at the International Linear Collider (ILC) [6, 7] . In order to accommodate the CEPC collision environment, some necessary changes have been made to the Machine Detector Interface and subdetector design. With respect to ILD, the CEPC conceptual detector has a L * (the distance between the interaction point and QD0, the final focusing magnet) of 1.5 m, which is significantly shorter than that of the ILC (4.5 m). Besides, the CEPC has multiple interaction points and thus the push-pull operation is not necessary. So the thickness of return Yoke at the CEPC is reduced by 1 meter. More details about the conceptual detector can be found in reference [5] .
The Monte Carlo samples, corresponding to an integrated luminosity of 5ab −1 , are generated with Whizard 1.95 [8, 9] , with √ s= 250 GeV and m H = 125 GeV. The SM backgrounds consist of 2-fermion processes (e + e − → ff , where ff refers to all lepton and quark pairs) and 4-fermion processes, categorized as ZZ, WW , single Z (e + e − Z) and single W (e + ν e W − or e −ν e W + ). The radiation effects including ISR and FSR are considered in the generation. More details about the sample generation can be found in reference [10] . The Higgs signal samples are fully simulated with Mokka [11] and reconstructed with ArborPFA [12] . The background samples are processed with fast simulation, where the momentum resolution and detection efficiency are parameterized and validated for different types of particle.
The Measurement of ZH Cross Section and Higgs Mass
The Higgs bosons are dominantly produced by the e + e − → ZH process at the CEPC. By tagging the decay products of associated Z boson, the Higgs candidates are expected to present a peak in the recoil mass of Z candidates. The Z → l + l − decays can be easily identified and the lepton momenta can be precisely measured, so the events with leptonic Z decays are ideal to reconstruct the ZH recoil mass spectrum. A fit to the M recoil reveals the statistical uncertainty of σ ZH and m H . In this case, there is no Higgs decay information used in the analysis, corresponding to a modelindependent measurement. The precision of Higgs boson can be further improved by taking into the Higgs decay products.
At current stage, the leptonic decay modes of Z boson, including Z → e + e − and Z → µ + µ − , have been studied at the CEPC. These analyses are based on the full simulated ZH signal and fast simulated backgrounds. In the Z → µ + µ − channel, the leading background after event selection are ZZ, WW and Zγ (ISR return) events. In the Z → e + e − channel, the additional backgrounds are from e + e − → e + e − (γ), eνW and eeZ. The M recoil distributions are shown in Fig. 1 . The relative statistical precision of σ ZH in the e + e − channel and µ + µ − channel are 1.49% and 0.92% respectively. In order to improve the measurement precision of m H , it is required there are more than two charged tracks in the final state. Then the m H precisions are 19.2 MeV and 6.5 MeV respectively. A combination of the two leptonic channels determines the σ ZH precision to be 0.50% and m H to be 5.0 MeV.
The Measurement of Higgs Width
For the process of ZH(H → ZZ * ), there are three bosons in the final state with one of them being off-shell. Consequently, this channel has a vary rich variety of topologies. At current stage, the tools of τ finder and jet clustering at the CEPC are under development. The final states with the initial Z decaying to e + e − /µ + µ − and ZZ * decaying to qqνν and µ + µ −have been studied with full simulation samples. The isolated leptons are reconstructed first and then the remaining reconstructed objects are produced from the jets. At an e + e − collider, the initial state is well known so the momenta of νν final state can be reconstructed by the momenta of initial state subtracted by the momenta of all reconstructed objects. The results for each channel are summarized in Table 1 . The combined precision for these four channels is 5.4%.
12.7 For a SM Higgs boson with a mass of 125 GeV, there are nearly 70% of Higgs bosons decaying into a pair of jets: b-quarks (57.8%), c-quarks (2.7%) or gluons, gg (8.6%). The analysis of ZH(H → bb) is based on the measurement of ZH events with the Higgs boson decaying to two jets. Its precision is extracted by a template fit on the flavor tagging information of the two jets, including the b-jet likeliness and c-jet likeliness of each jet. According to the decay final states of the Z boson in the ZH events, the signal events are classified into di-lepton channel, neutrino channel and di-jet channel. The signal samples in each channel are full simulated. The backgrounds in the di-lepton channel are full simulated while the others are fast simulated. The precisions for each Z boson decay mode are summarized in Table 2 . The combined precision of σ ZH × BR(H → bb) is 0.2%.
In the SM, the branching ratio of a Higgs boson at 125 GeV decaying to WW * is about 21.5%. The CEPC performance for the measurement of ZH(H → WW * ) is examined with a study based on fully simulated samples. It covers the channels of Z boson decaying to e + e − and µ + µ − and WW * from the Higgs boson decaying to llνν and lνqq, where l = e, µ. The event selection criteria contain the number of isolated leptons, jets, kinematic variables of the lepton system, missing energy and the impact parameter of lepton tracks (introduced to remove tau-related background). The combined precision of σ ZH × BR(H → WW * ) is 1.6%. This result has been updated to 1.0% when the proceeding submitted. It is expected to be improved when other final states are considered.
In the measurement of σ ννH × BR(H → bb), the main background includes ZZ production and ZH events with Z → νν and H → bb. The latter is the dominant background and it interferes with the signal process. The interference effect is small and is ignored in this study. The ZH events can be distinguished from WW fusion by the recoil mass of bb system. However, the discriminating power is limited at a center-of-mass energy of 250 GeV. The analysis is based on fast simulation and the precision of σ ννH × BR(H → bb) is determined to be 2.8%. 
Summary
In this report, we present the benchmark analyses of the measurements of ZH cross section, the Higgs mass and the Higgs width at the CEPC. The Monte Carlo sample is set at a centerof-mass energy of 250 GeV with an integrated luminosity of 5 ab −1 . All the Higgs signal and the backgrounds in part of the measurements are fully simulated and reconstructed. In a modelindependent manner, the statistical precision of ZH cross section σ ZH is determined to be 0.50% with the recoil mass method. With information from the Higgs decay, the precision of Higgs mass can be further improved to 5.0 MeV. The Higgs width Γ H is determined by a series of individual analyses, leading to a relative precision of 2.8%. This result is expected to be improved when more final states are considered.
